Purpose Since 1992, the Centers for Disease Control and Prevention recommends that women of childbearing age consume 400 µg of folic acid per day to reduce the risk of neural tube defects (NTD). It has been speculated that both NTD and nervous system tumors (NST) may share common mechanisms of altered development. It examines the association between folic acid supplementation and the risk for childhood NST.
Introduction
In September of 1992, the US Centers for Disease Control and Prevention (CDC) recommended that women of childbearing age consume 400 µg of folic acid per day prior to and during pregnancy to reduce the risk of neural tube defects (NTD) [1] . Dietary folate is naturally obtained from fruits, vegetables, and legumes. In Spain, folate is not available in fortified grains.
The importance of folate intake during early embryogenesis is of scientific interest and comprises a prolific research area in the field of pediatric cancers, where nervous system tumors (NST) are the second most common type of malignant tumors. It is thought that folate, through a common mechanism of altered development, may be involved in both NTD and NST. A relationship between folate intake and several types of cancers, including colorectal, breast, cervical, pancreatic, brain, and lung cancers, has been observed in several population-based studies [2] [3] [4] .
Folate is known to protect against NTD, and is suspected to be particularly involved in primitive neuroectoderm tumors (PNET) [5] . A case-control study that looked at PNET risks associated with specific vitamin intake found a significant reduction in risk with folate supplementation (odds ratio (OR)=0.38, 95% confidence interval (CI)=0.21-0.73) [6] . In molecular analyses of pediatric central nervous system (CNS) malignancies, especially ependymomas, the folate receptor was found to be overexpressed [7] . Polymorphisms in the metabolic pathway of folate may alter the risk of NTD, and the same may apply to central nervous system tumors (CNST) [5, 8] . The specific cellular role that folate plays in CNST development is unknown, but some studies have hypothesized that folate is a protective factor.
Most studies published in the scientific literature have looked at the multivitamin supplementation of mothers during pregnancy, making it difficult to investigate the potentially independent effects of the micronutrients of interest. These have shown that multivitamin and folate supplement intake during preconceptional and some postconception periods reduce the risk of some sympathetic nervous system tumors (SNST) and leukemias during infancy [9] [10] [11] .
Medio Ambiente y Cáncer Pediátrico (Environment and Paediatric Cancer Group) is a project for the compilation of pediatric environmental history (PEH) in children with cancer in the USA, Argentina, and Spain [12] . As part of a larger and ongoing study about the determinants of pediatric cancer (PC) that uses the PEH, we present data about folic acid supplement intake during periods critical to fetal development in mothers of children with cancer in Spain. This study analyzes the association between maternal supplementation with folic acid and NST in children.
Methods
Incident cases of children with cancer were diagnosed between 1 January 2004 and 1 January 2006 at six collaborating hospitals. Families were identified from the hospital cancer registries and invited to participate in the study. Centralized care reference units of PC in Spain facilitated access to medical records in the hospitals of the network. Furthermore, in each reference area, the hospital registry included over 98% of the children younger than 15 years of age who were diagnosed with a malignant neoplasm. The study was approved by the hospital network ethics committees and the institutional review boards.
Families were contacted by telephone to schedule interviews. Completion of the PEH questionnaire lasted 2-3 h. The interview was conducted in person, with one or both parents present. Informed consents were obtained from all parents. Children over 12 years of age were besides offered assent forms. The same pediatrician conducted the interviews at the collaborating hospitals and at the sites of local parent associations of children with cancer. The pediatrician has expertise in environmental health and oncology, and experience in interacting with PC patients and their families.
Information about folic acid supplement intake was obtained during the in-person interview with the mother or both parents and from the maternal ambulatory history, detailing last menstrual period and the date when folic acid supplements were initiated. For each mother, we estimated the date of the last period, the most probable day of conception, and noted the date when folic acid vitamin supplementation was initiated (≥400 µg/day). These dates (date supplementation was initiated (≥400 µg/day) and the probable conception date) were used for the preconceptional classification of each child: before the 21st day of gestation, before the 36th day of gestation, or anytime during pregnancy. Multivitamin supplementation intake was also noted. Three categorical variables were created, one for each trimester of pregnancy, to reflect whether multivitamins had been taken or not during that specific trimester.
Tumors were divided into two groups: neuroectoderm derivatives (including central and sympathetic NSTclassified following the standards from the International Classification of Diseases for Oncology, 3rd edition) and mesoderm derivatives (leukemias, lymphomas, kidney, liver, bone, and soft tissue tumors). Seven tumors derived from multiple germ layers, like teratomas, were excluded from analysis. As the CDC only published the recommendations for folic acid supplementation in 1992, we excluded children born earlier than 1993.
Cases were children with NST, while the controls for this study were children with tumors of mesodermal origin. Of the 222 children included in the study 67 were NST and 155 children with tumors of mesodermal origin. The 67 NST cases were categorized in a secondary analysis into CNST and SNST. ORs were estimated from contingency tables comparing the differences in the periconceptional folic acid supplementation in cases (NST, and in secondary analyses CNST and SNST) and controls. An OR >1 would be interpreted as that folic acid supplementation would be greater in NST than in controls, while an OR <1 would suggest that supplementation was more frequent in controls. Analyses were conducted using SPSS 15. Logistic multivariable regression models were used to control for possible confounding factors (such as age, sex, socioeconomic status, associated familial syndrome, cancer in first degree relative, mother's and father's smoking habits during pregnancy, smokers fetus (overall exposure to tobacco during intrauterine period), exposure to traffic contaminants, and multivitamin intake). In the stepwise logistic regression analysis for NST and controls, all variables that showed statistically significant associations were included in the model. We investigated the existence of interaction and/or confusion between variables by constructing and comparing logistic regression models.
Results
Participation reached 100% of the 325 cases originally identified in the study. Seven tumors derived from multiple germ layers, like teratomas, were excluded from analysis. Seventy-seven children who were born before 1993 were excluded from the study since the CDC only published the recommendations for folic acid supplementation in 1992. Of the remaining 241 children, information regarding folic acid supplementation was incomplete in 19 (8%), leaving, therefore, 222 children available for the study. Figure 1 shows the distribution of tumor types in the 222 children.
Acute leukemia represented 34% of all tumors and CNST 20%. Table 1 lists the main characteristics and differences between cases and controls. As may be observed, there were significant differences between the two groups in maternal tobacco smoke exposure. More mothers of children with NST smoke than mothers of control children. However, when NST were further categorized into CNST and SNST, significant differences were only observed in smoking status between mothers of children with SNST and mesoderm tumors (OR=1.53; 95% CI 1.08-2.18) but not for CNST and children with mesoderm tumors. Table 2 shows the distribution of folic acid supplementation in the study population. Though only 16.7% of all mothers took supplements before conception, up to 80.6% took supplements at any time during the pregnancy. Overall, folic acid supplementation any time during pregnancy was similar between cases and controls (OR=1.05; 95% CI 0.92-1.20). The odds of folic acid supplementation before the 21st and 36th days of gestational age were significantly lower in NST than in children with mesoderm tumors (OR=0.34; 95% CI 0.17-0.69 and OR=0.58; 95% CI 0.37-0.91, respectively). Preconceptional intakes of folic acid were also lower in NST although marginally nonsignificant (OR=0.44; 95% CI 0.10-1.02). When NST were divided into CNST and SNST, stronger significant differences with tumors of mesoderm origin were found for CNST but not for SNST. The largest differences were found in the frequency of folic acid supplementation before the 21st day of gestation for CNST compared with controls (OR=0.19; 95% CI=0.06-0.60). Table 3 shows the association between multivitamin intake and NST versus mesoderm tumors.
After logistic regression, the factor remaining significant for NST was folate supplementation before the 21st day
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Discussion
Our results indicate that folate supplementation reduces the risk of childhood NST, especially CNST. The specific cellular mechanism that folate may play in the development of CNST has yet to be elucidated.
In support of the hypothesis of a true association, we argue that the association between malformations and tumors during infancy is well known. Thus, the possibility of shared metabolic pathways during neuro-oncogenic and neuromorphogenic periods could explain the role of folic acid in CNST [13, 14] . The different polymorphisms could explain the particular susceptibility for developing NST [5] .
Folic acid deficiency may contribute to the synthesis of aberrant DNA and initiate oncogenesis by reducing the bioavailability of methionine and interfering with normal DNA methylation [15] . In fact, several epidemiologic studies show that vitamin supplementation with folic acid reduces the risk of colon cancer by up to 75% and breast cancer by 25%, and is even more effective in alcohol consumers [2] [3] [4] . A case-control study found a reduction in risk of meduloblastoma/PNET with periconceptional folic acid supplement intake in the quartile of women with the highest dietary intake [16] . Another study, which looked at the role of Table 1 NST and mesoderm group characteristics a There were significant differences. While the percentage of associated familial syndromes and cancer in first-degree relatives was greater in the NST group, our study population is too small to make inferences regarding these multivitamin intake and tried to elucidate the role of some micronutrients, including folate, found a reduced risk in CNST of 0.5 (0.3-0.8) with intake ≥400 µg/day, but it did not differentiate by the intake period [17] . The maternal ingestion of prenatal multivitamins is associated with a decreased risk for pediatric brain tumors and neuroblastoma. Presently, it is not known which constituent(s) among the multivitamins confers this protective effect [18] . Although many multivitamins contain folic acid (<200 ug), no interaction and confusion were detected in our study. The composition was different, as did the timing and duration of exposure. It is therefore difficult to interpret the protective effect at this point, and certainly deserves further analysis. Currently, the known risk factors for CNST in children include [19] : sex, therapeutic doses of ionizing radiation to the head, genetic conditions such as neurofibromatosis, tuberous sclerosis, Turcot syndrome, Li-Fraumeni syndrome, and nevoid basal cell syndrome. Factors for which evidence is suggestive but not conclusive are frequent cured meat consumption, having a first-degree relative with a brain tumor, and family history of bone cancer, leukemia, or lymphoma. Factors for which evidence is inconsistent or limited are electromagnetic fields, products containing Nnitroso compounds, father's occupation, pesticide exposure, history of head injury, and family history of epilepsy, seizures, or mental retardation.
The finding of a higher rate of maternal smoking in the groups of SNST (smoking during pregnancy in SNST (65.5%)) was significantly higher than other different tumor types (p<0.05). Our study, similar to other studies, suggests Distribution of folic acid intake by period is shown above. OR of folic acid supplement intake were significantly lower in children with NST than controls, but when NST were broken down by CNST and SNST, OR only remained significant for CNST in which folic acid intake occurred before the 21st (0.19, 0.06-0.60) or 36th day (0.57, 0.33-0.99) postconception a relationship between maternal smoking during pregnancy and SNST risk [9, 20] . The National Cancer Institute claim the evidence for an association between maternal smoking during pregnancy and the risk for neuroblastoma is inconsistent or limited [21] . In our study, we cannot specify whether doses <400 µg/ day would be sufficient to prevent all CNST or if higher doses would have a greater protective effect. We explored the three cases of CNST whose mothers use folic acid supplementation. Out of those three, one had an inherited type I neurofibromatosis and another nonaffiliated familial syndrome (father and uncle had cleft lip and palate). Both of these constitutional characteristics could counterbalance the protective effect of folates.
Finally, it is possible that folic acid supplementation could protect against the development of CNST or could be confounded by factors associated with that intake and therefore be a marker of other true risk factors.
We could not analyze the dietary intake of folic acid, but unless systematic differences existed in the diet of the NST and the control group, the observed effect could be attributable to supplementation alone. In Spain, folate is not available in fortified grains.
Recall bias with regard to folic acid supplement intake could also be a confounding factor especially in mothers whose children were diagnosed at a later age. However, since the possible association of cancer is not regarded by the general public or the medical community as possibly related to folate or vitamin intakes in general, it is unlikely that a bias might have been introduced. And even so, recall bias would most likely be nondifferential, as controls were also tumor patients. Nonetheless, we repeated the analyses using only children who were diagnosed before the age of 6, and the results were consistent with the findings presented here.
A final consideration is whether any possible association might exist between the exposure of interest (folate supplementation) and controls. No association has been described between folate supplementation and a higher incidence of tumors of mesoderm origin in children, nor any other type of tumors. It is therefore unlikely that the association found might be explained by a higher intake in our control group than in the general population. To what extent the use of supplementation in our control group is comparable to that of the general population is unknown as there was no comparable data available on the use of folic acid supplementation in the general population at the time of the study. If the general use of folate supplementation were to be higher in the general population than in our control groups, then the odds ratios we found may underestimate the true magnitude of the protective effect of folate supplementation on NST.
Finally, several strengths of our study should be mentioned. One is that the study is based on a populationbased registry on pediatric tumors and therefore uses incident cases. Details on the registry have been described elsewhere [12, 20, 22] . Another strength of our study is that, unlike most studies, our patient's information was collected through personal interviews conducted by specially trained personnel. Therefore, the possibilities for error, recall bias, or missing information were minimized and comparable in the two groups. A third strength is that our cases and controls were derived from the same population, and controls would most likely have been included as cases in our study if they had developed a NST instead of a tumor of mesoderm origin.
Our results suggest a possible protective effect of folic acid supplement intake in NST, especially CNST. Until now, recommendations for folic acid supplement intake have pertained to NTD. In the future, we hope to extend these recommendations to folic acid's protection against CNST. Under current public health authority recommendations of folic acid supplement intake to protect against NTD, we found that only 16.7% of mothers of children with cancer in our study population took folic acid supplements. With folate's possible protective effect against NST, the recommendations and public awareness of the importance of folic acid supplementation must rise.
